participants/materials, setting, methods: Data were retrieved from medical records (FPC patients), cancer incidences reported by the Dutch Cancer Registry (to calculate referral percentages) and referring professionals (to identify reasons for the current referral behaviour).
Introduction
Current clinical guidelines recommend oncological healthcare providers to refer girls and young women who are newly diagnosed with cancer to a specialist in reproductive medicine (British Fertility Society, 2003; COSA, 2011; Loren et al., 2013a) . Young cancer patients undergoing gonadotoxic treatment may wish to receive information about fertility preservation (FP) from such a specialist, regardless of diagnosis or prognosis (Thewes et al., 2005; Lee et al., 2011; Yee et al., 2012) . However, despite patients' preferences, guideline recommendations and a rapid evolution of FP techniques in the past years (Edgar and Gook, 2012; Cil and Seli, 2013; Donnez et al., 2013) , the proportion of patients who are being referred for FP counselling (FPC) still remains low (1.0 -20.6%) (Anderson et al., 2008; Forman et al., 2010; Kohler et al., 2011; Goodman et al., 2012) .
Although not consulting an FP specialist could very well be a conscious, well-informed choice for some young cancer patients, others may not have had the chance to consider FPC. Indeed, it is well-known that care organizational factors contribute to the current low referral rates, as well as the oncological healthcare provider's gender and his or her knowledge, attitude and perceptions regarding FP (Vadaparampil et al., 2008; Quinn et al., 2009b; Adams et al., 2013; Loren et al., 2013a; Shimizu et al., 2013) . Disparities in referral patterns and access to FP have also been observed with respect to patients' demographic, clinical and socioeconomic characteristics (Goodman et al., 2012; Letourneau et al., 2012b) . Nevertheless, FPC seems to be of high importance, as concerns about infertility and unmet informational needs can have a severe psychological impact later in life (Gorman et al., 2010; Canada and Schover, 2012; Letourneau et al., 2012a) .
Financial aspects play a key role in patients' FP decision-making (Kim et al., 2013; Mersereau et al., 2013) as well as physicians' decisions to refer a patient for FPC or not (Goodman et al., 2012; Adams et al., 2013; Loren et al., 2013a) . Since most studies on FP referral are performed in the USA, where not all patients receive reimbursement from health insurance, referral practices presented in these studies are probably not generalizable for countries with full FP reimbursement. The few European studies that discussed FPC referral practices did not concern the entire female population eligible for FP or did not provide information about the ages or diagnoses of patients who did not receive FPC (Anderson et al., 2008; Jenninga et al., 2008; Adams et al., 2013) .
In the current study, we aimed to describe the changes in FPC referral patterns over time as well as current referral practices in a demarcated region in the Netherlands, where all legal citizens are obliged to have health insurance covering FP(C). As a second aim, we studied current referral practices, including referral rates and patient and healthcare provider-related determinants associated with FPC referral. Indeed, being informed about the current referral practices, possible disparities and reasons underlying the current referral practices is a first step towards the design of interventions aiming at improving referral practices.
Materials and Methods

Study design
The current retrospective observational and questionnaire study was conducted in the region of the Radboud university medical center (Rumc), Nijmegen, the Netherlands, and consisted of two parts:
( 
Ethical approval
In the Netherlands, approval for this study by an ethics committee was not required. (Medical Treatment Agreements Act, 1994) .
Setting
FPC in the Netherlands
In the Netherlands, FPC for female cancer patients is performed by gynaecologists specialized in reproductive medicine who are working at Dutch university hospitals (eight in total) or (in a minority of cases) by a gynaecologist with a special interest in FP, working at a non-university hospital. Patients receive multidisciplinary oncological care and can be referred by any medical specialist involved for specialized FPC and FP care. Dutch breast cancer patients are surgically treated by surgeons and therefore they also need referral to a gynaecologist for information about FP. To which hospital a patient should be referred for FPC is not predefined, but depends on travel distance, FP options available and the oncological healthcare provider's and patient's personal preference. All legal citizens of the Netherlands are obliged to have a health insurance policy covering FPC and FP, meaning that patients had no financial reasons to refrain from it. 
Content of FPC at the Rumc
Communication and education about FP in the Rumc region
To outreach and educate the referring professionals, various courses and presentations on FP were organized in our region and country in the most recent years. Those courses and presentations considered all options for female FP and were not directed towards healthcare providers of patients with a certain oncological diagnosis or age. Educational sessions were accessible for all interested physicians and nurses in the community and not directed towards certain centres. Before 2010, FP less often was a topic of education and information on FP was generally provided individually to oncological healthcare providers after specific questions or based on specific patient cases. Throughout the years, there was continuous availability of gynaecologists specialized in reproductive medicine who could offer (telephonic) advise on FP to colleagues. Part 2: Current state of referral Referral rates and disparities with respect to patients' age and diagnosis. Based on epidemiological data, actual referral rates for FPC as well as patientrelated determinants for FPC were identified. To obtain information about patients who were not referred for FPC, epidemiological data on the incidence of invasive cancer in hospitals in the Rumc region was obtained from the Dutch Cancer Registry for the three most recent years for which the Cancer Registry completed her data, i.e. 2009, 2010 and 2011. Data on patients with skin cancer were excluded, as the majority of these cases do not involve gonadotoxic therapy. Based on past referrals, the Rumc region was defined as a region with 18 hospitals having a driving distance of up to 90 km from the Rumc (Supplementary Fig. S1 ). Five gynaecologists with a known special interest in FP who worked in the Rumc region but not at the Rumc itself, were asked for the number of patients they counselled in 2009, 2010 and 2011 as well as their patients' diagnoses and ages. Girls and women aged 0 -39 years who were newly diagnosed with an invasive tumour and who received FPC were compared with those who did not receive FPC with respect to diagnosis and age using descriptive statistics.
Data collection and analysis
Characteristics of healthcare providers and referral practices. To obtain information about which characteristics of healthcare providers are related to referral behaviour, we conducted an electronic questionnaire study among a selected group of healthcare providers. Based on the top three most frequently occurring groups of oncological diagnoses among young Dutch women aged 18 -39 years (breast cancer, cancer of blood/bone marrow/ lymph nodes and gynaecological cancer), we selected healthcare providers involved in the care for these patients at the time of diagnosis, namely surgeons, specialized 'mammacare' nurses, oncologists, specialized oncology nurses, haematologists, oncological gynaecologists and radiotherapists. A total of eight hospitals (including the Rumc) and one radiotherapeutic centre were included based on their location within a range of 35 km from the Rumc. The electronic questionnaire was partly based on a literature search and partly contained factors associated with multidisciplinary working and collegial contact. The questionnaire contained six multiple choice, five likert-scale and three open questions, as shown in Table III . Two categories of healthcare provider-related determinants for FPC referral were identified:
(i) 'Characteristics of referring specialist': gender (Quinn et al., 2009b; Shimizu et al., 2013) , age (Shimizu et al., 2013) , profession (Forman et al., 2010) , years working in this profession, number of young cancer patients treated per year, involvement in scientific research about female cancer patients, involvement in patients' associations. The term patients' association refers to organizations aiming to act on behalf of patients as well as to inform about specific diseases or health problems. In addition, patients' organizations try to collaborate with medical specialists to develop guidelines and information materials for patients. (ii) 'Knowledge, attitude and perceptions towards FP': FP knowledge (Shimizu et al., 2013) , attitude towards FP (Quinn et al., 2009b; Shimizu et al., 2013) , expected patients' interest in FP (Quinn et al., 2009b; Loren et al., 2013a) . 
Continued
In each hospital, the departments of the selected healthcare providers were contacted by telephone to identify all eligible professionals by name and to obtain their (personal) e-mail address. Questionnaires were distributed to each person's e-mail address using SurveyMonkey (SurveyMonkey, Inc., Palo Alto, CA, USA) in December 2013, 1 week after having sent a personal paper letter to all invited persons to announce our study. Invited healthcare providers received reminders after 2, 5 and 9 weeks. Descriptive statistics, Fisher's exact tests and independent samples Student's t-tests were used to compare responders to non-responders and to explore characteristics of the referring professionals that might be the reason for (not) referring for FPC. Differences with a two-sided P-value of ≤0.05 were considered to be statistically significant.
Results
Part 1: FPC and the introduction of new techniques
Referring specialists A total of 233 patients received FPC at the Rumc between January 2001 and December 2013. Most patients were referred by an internist (46%), surgeon (27%) or oncologic gynaecologist (14%). The remaining patients were referred by a paediatrician (6%), another medical specialist (5%) or contacted the reproductive gynaecologist on their own initiative (2%). Of all patients referred, 231 were from the Rumc's region. Large differences were found in the numbers of patients referred per hospital, with 175 of the 231 (75.8%) patients coming from 4 of the 18 hospitals. These four hospitals included the Rumc and three referring hospitals with a central location in the region [number of hospital beds 380 -850 (Bernhoven; CWZ; Rijnstate)]. All 233 patients were referred by 131 unique healthcare providers, of whom a majority (n ¼ 106; 80.9%) referred only one or two patients. Six medical specialists (4.6%) referred five patients or more with a maximum of seven patients.
Numbers of consultations and FP options offered
The annual number of consultations for FPC increased during our study period, with a sharp increase in 2006 and a renewed increase in the most recent years (2010-2013; Fig. 1 ). The increase observed since 2006 could mainly be attributed to a higher number of patients aged 24 -34 years old being counselled, whereas since 2010 an increased annual number of FPCs was especially observed for patients aged 0 -19 and 24-34 years ( Fig. 1 ). Patients were counselled by 12 gynaecologists of whom four were experienced counsellors (n . 10 patients counselled previously), informing 88.0% of all patients. FP was offered to 181 patients (77.7%). In the last time period (since June 2011) in which all FP techniques were available, FP could be offered to an increasing proportion of the patients counselled.
Characteristics of patients receiving FPC
In Table I 
Patient determinants associated with referral
Patients aged 20 -29 years were referred most frequently (23.0% in 2011), while patients up to the age of 20 years were only scarcely referred (4.5% in 2011; Table II ). Referral disparities were also found with respect to diagnosis, with breast cancer or lymphoma patients being referred most frequently (Table II) . It is remarkable that none of the patients with neurological cancer, cancer of the head or neck, lung, urinary tract, thyroid or adrenal gland or eye were referred from 2009 through 2011.
Healthcare provider-related determinants associated with referral
A total of 172 healthcare providers were found eligible for our electronic questionnaire study of whom 103 (59.9%) responded to our questionnaire. After comparing responders with non-responders, more women responded (66.0 versus 49.3% among the non-responders; P ¼ 0.039). Differences were also found in profession with .75% of nurses responding, 50-75% of haematologists, surgeons, oncologists and oncological gynaecologists responding and 36% of radiotherapists responding (P ¼ 0.001).
Of the 103 respondents, 84 answered the question about how often they refer patients for FPC. As presented in Table III , only those 84 responding healthcare providers were divided into two groups for comparison: the group who stated to often or always refer young female cancer patients for FPC and the group who stated to rarely or never refer. Healthcare providers less frequently reported referring for FPC if they were radiotherapists or if they did not collaborate with patients' association(s) ( Table III) . Other determinants predicting non-referral included restricted knowledge of the healthcare provider about where to refer patients for FPC, having patients who rarely or never ask about fertility-related issues and rarely or never initiating a discussion about fertility-related issues on one's own initiative. Although just not reaching statistical significance, professionals who were working in their profession for a longer period tended to refer for FPC more often.
Discussion
The current study revealed that-despite the fact that patients in our study had no financial reasons to refrain from FP-only 9.8% of the female cancer patients aged 0-39 years were referred to a specialist in reproductive medicine in 2011. In accordance with earlier research (Goodman et al., 2012) , referral disparities were identified with respect to diagnosis and patients' age. In the same country as we conducted our study, the Netherlands, poor referral rates (2%) were suggested previously for adult female cancer patients diagnosed in the years 2002 -2007 (Jenninga et al., 2008 . Nevertheless, this percentage was not adjusted for the fact that FPC was also performed in various other hospitals in the country and may therefore very well be an underestimation of the actual referral rate. The group of patients with 'other' malignant diseases consisted of patients with cancer of the head or neck (n ¼ 23), lung (n ¼ 28), urinary tract (n ¼ 30), thyroid or adrenal gland (n ¼ 67), eye (n ¼ 4) and patients with a primary tumour of unknown origin (n ¼ 7 Missing (N ¼ 1)
Continued children and teenagers, referral rates in our population (4.5% for patients aged 0-19 years) were higher than the percentage of girls referred in a study from the UK (1%), although this study was conducted over 8 years ago (Anderson et al., 2008) . Possibly as a result of the reimbursement of FP in our country, we found a high uptake of FP services in the most recent years (58% of all patients who received FPC) when compared with an American study in which 36.5% of the patients proceeded with FP after FPC in 2009 and 2010 (Kim et al., 2013) . Apart from the differences in the reimbursement of FP, these high uptake rates of FP techniques combined with the very low referral rates for FPC in our country with reimbursement might also illustrate that the patients who actually consult an FP specialist are already part of a very selected and interested population. Several hypotheses can be put forward when thinking about the causes of the poor referral rates observed. Referral rates may be low because some of the patients who were newly diagnosed with cancer might not have had an indication or wish for FPC (Forman et al., 2010) . Although we excluded skin cancer patients, a minority of the other patients may not have needed gonadotoxic therapy or may have had a poor prognosis. With a mean age of 29.4 years of women giving birth to their first child in the Netherlands (CBS, 2013) , some of the patients may already have had a completed family. Indeed, patients older than 30 years were less frequently referred than adult patients below this age. It is remarkable that the majority of the healthcare providers questioned in this study reported that they 'often' or 'always' refer their patients for FPC, whereas the referral percentages obtained from the current study were ,10%. Presumably, deliberate decisions to refrain from referral for FPC, as described above, play a role in the discrepancy between these two observations.
Apart from these deliberate decisions to refrain from FPC, low referral may be caused by barriers for discussing FP with a patient and referring her. The results of the current study identified that initiating a discussion about fertility-related issues, knowing where to refer a patient for FPC, and collaborating with patients' associations were the main providerrelated factors for adhering to guidelines recommending referral for FPC (British Fertility Society, 2003; COSA, 2011; Loren et al., 2013b) . Although initiating the discussion about fertility was found to be a determinant associated with referral in our current study, professionals who frequently referred did not differ from those who did not frequently refer for FPC with respect to their self-reported knowledge, attitude and perceptions towards FP. A lack of knowledge or other reasons for discomfort of oncological healthcare providers with bringing up the topic of FP (Quinn et al., 2009a) , could hamper a comprehensive discussion about FP. The tendency towards the more frequent referral by experienced healthcare providers as observed in this study may reflect an effect from 'training on the job' with respect to discussing the topic of FP with patients. Furthermore, the fact that the number of FPCs at the Rumc increased after the publication of an important guideline on FP in 2006 (Lee et al., 2006) and the establishment of new FP techniques (2010) (2011) suggests that technical evolution of the field and awareness as a result of more information and guidelines becoming available contribute to oncologists' tendency to refer their patients for FPC. The key role of an increased awareness of the importance of FP is also illustrated by our finding that healthcare providers who are involved in patients' associations, where they collaborate with patients to improve the quality of care, were found to refer for FPC more frequently.
One of the most important strengths of our study was the fact that we based our conclusions on epidemiological data combined with current practices, knowledge and attitudes as self-reported by referring healthcare providers. Furthermore, we were the first to investigate the referral percentages for both paediatric and adult female cancer patients in a country where bias from financial reasons to refrain from FP(C) was excluded, in contrast to prior studies where financial factors influenced FPC referral and decision-making (Hill et al., 2012; Kim et al., 2013; Mersereau et al., 2013) . Although we have estimated the current referral rates as accurately as possible, it is theoretically possible that we missed a small number of patients who were directly referred to another region of the country, or who received ovarian transposition without prior FPC by a specialist in reproductive medicine. As a second limitation, we were uninformed about other characteristics than age or diagnosis of those patients who did not have FPC, such as the level of education, the partner relationship, parity and risk of infertility. For this reason, we could not obtain information about the extent to which there were referral disparities regarding these factors. Determinants related to the referring healthcare providers were self-reported and not actually tested (e.g. subjective knowledge about FP). Furthermore, responders and non-responders to our questionnaire may differ with respect to their attitude and knowledge about FP, which might have biased the results.
The low referral rates, referral disparities and determinants associated with FPC referral practices presented in the current study indicate opportunities to improve referral practices and adherence to guidelines, even in a setting with reimbursement of FP(C) (British Fertility Society, 2003; COSA, 2011; Loren et al., 2013b determinants for low referral, interventions that would increase physicians' knowledge, skills and training with respect to FPC, increase awareness and positive attitudes regarding FP and increase time available for discussing FP have been considered helpful by other studies (Quinn et al., 2007; Vadaparampil et al., 2008; Adams et al., 2013; Shimizu et al., 2013) . In accordance with this need for knowledge, skills and training, our study findings also suggest that training on how to discuss fertility issues would indeed contribute to higher referral rates. Training of oncological healthcare providers has already been suggested in various studies, with seminars about FP (Forman et al., 2010) , psycho-education to facilitate the discussion (Vadaparampil et al., 2008) or joint training events with gynaecologists specialized in reproductive medicine to improve information exchange (Adams et al., 2013) . Various decision aids on the topic of FP could be offered to patients to help them to make a well-informed decision (Peate et al., 2012; Garvelink et al., 2013) . For healthcare providers, the ability to call an expert for advise on FP at any time, such as initiated by the Oncofertility Consortium (Oncofertility), may facilitate the discussion of FP with a patient. Future research should focus on the implementation and evaluation of these and other interventions aiming at the improvement of referral practices, such as information materials regarding FP for patients at oncology departments, discussion prompts or methods to increase the awareness of physicians about FP techniques and guidelines. Furthermore, special attention should be paid to referral for FPC in paediatric populations, and specific determinants associated with the referral of children for FP, as we identified this group of patients to be referred less frequently than adult patients.
In conclusion, this study revealed the need for improving the referral of young female cancer patients for FPC and the need to overcome referral disparities and determinants associated with low referral.
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